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Abstract 

A short review of leading term QCD predictions vs those of the handbag model for large an- 
gle cross sections 77 — P2P1 {P is the pseudoscalar meson ir"^'", K^'°, rj), and for 77 — > V2V1 
(y is the neutral vector meson p°, u, </>), in comparison with Belle Collaboration measuments 
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Leading term QCD predictions 

The general approach to calculations of hard exclusive processes in QCD was developed in 
[1] and 12 (the operator expansions and resummation of Feynman diagrams in the covariant 
perturbation theory), and in [3] (the resummation of Feynman diagrams in the non-covariant 
light front perturbation theory in the special axial gauge and in the basis of free on mass-shell 
quarks and gluons). The review is |4]. 

In particular, the calculation of the large angle scattering amplitudes 77 — )■ M2M1 was 
considered in [5] (for symmetric meson wave functions only, 0a/ (x) = 0m (1 ~ x)) and [6] (for 
general wave functions), see Fig.l. 
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Fig.l Two typical low- 
est order Feynman diagrams 
for the leading term hard 
QCD contributions to the 
large angle amplitude 77 ^■ 
M2M1 (the dashed line is 
the hard gluon exchange). 



The leading term QCD expressions for cross sections look as (the example is given for 
77 K^K~) : 
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A = {XsUu + XuVs)-, B = iXsUu ~ XuVs), C = {XsXu + ysUu)^ D = XuXgyuUs ) 

where: x is the meson momentum fraction carried by quark inside the meson, Xg + Xu = 
2/3, = ed = —1/3 , (ppix) is the leading twist pseudoscalar meson wave function 
distribution amplitude), fp are the decay constants: ~ 131 MeV, fx — 161 MeV. 
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The leading contribution to da{'~f'~f — t- 
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can be written as : 
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where Fn'^"''^\s) is the leading term of the pion form factor : 
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and t;(6') is due to the term ~ AC in (1). We will compare below the predictions of two 
frequently used models for (pj^i^x) : 0"***'(x) = 6x(l — x) and (f)'^^{x, fio) = 30x(l — x)(2x — 
1)2, ~ IGeV m. 
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While the numerical value of \sF!^''^°'^\s)\ is highly sensitive to the form of 0^(x,7l), the 
function v{6) is only weakly dependent of 6 at | cos 6*1 < 0.6 and, as emphasized in j5], is 
weakly sensitive to the form of (pT^i^x^Ji). For the above two very different pion wave functions, 
v{e) ~ 0.12. 




Fig. 2 Different models for the leading twist 
pion wave function 



Red line : the asymptotic wave 
function ip^^^x) = 6x(l — x) 

Blue line : the CZ wave func- 
tion (at the low scale normaliza- 
tion point /io ~ 1 GeV) 

fio) = 30x(l - x) {2x - 1)2 

Black line : the flat wave func- 
tion fio) = 1 

/q dx (f)^{x, /i/ Aqcd) = 1 




Fig. 3 The shape of the quarkonium 
model wave function v^). Red line: 
v^ = 1 - massless quarks (asymptotic). 
Blue line: v^ = 0.3 - charmonium. Black 
line: v^ = 0.1 - bottomonium 

dx(j)^{x,v^) = 1. 



0.2 0.4 0.6 0.8 1.0 



The heavier is quark 
the narrower is wave function 




Red line : the model pion wave function 



b^{x) = 30 XdXu{xd - XuY 



Blue line : the model kaon wave function 



4>k{x) = 30 XsXu 0.6{xs - Xuf + 0.08 + 0.l{xs - Xu) 



Fig.4 The kaon wave function is somewhat narrower than the pion one and asymmetric : 
the s-quark in the K-meson carries a larger part of the momentum fraction than the u-quark 
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Therefore, the leading term QCD predictions for charged mesons 7T~^7r~ and K^K~ look 
as da /d cos 9 ~ / {W^ sin'^ 9) . The recent data from Belle [8] agree with the ~ l/sin'^6' 
dependence atW > 3 GeV, while the angular distribution is somewhat steeper at lower energies. 
The energy dependence at 2.4 GeV < W < 4.1 GeV was fitted in [S] as: (To(7r"''7r~, | cos^| < 
0.6) = dz{da/dz) ~ VT"" , n = (7.9 ± 0.4 ± 1.5) for tt+tt", and n = (7.3 ± 0.3 ± 1.5) for 
K^K~ . However, the overall value n ~ 6 is also acceptable, see Fig. 5 . 

As for the absolute normalization, the tt+tt" data are fitted [8] with : 
|$(f^^)(s,^)| = (0.503 ±0.007 ±0.035) GeV^ 

Clearly, in addition to the leading terms A^^^"''^\ this experimental value includes also all 
power corrections 5 A to the 77 — )■ tt+tt" amplitudes A = A^''^'^'^^ + SA. These are different 
from corrections SF^^ to the genuine pion form factor = p!^^°-'^'> _)_ go^ the direct 

connection between the leading terms of da{TX^'K~) and in (2), (3) does not hold on account 
of corrections. 




9.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 

W[GeV] 

Fig.5 a, b) Cross sections cro(77 tt+tt^) and cro(77 — )■ K^K~) integrated over 
the angular region | cos 6*1 < 0.6, together with the ~ (1/W^)^ dependence line. 
Fig.5 c) the cross section ratio i?cxp = <^o{K'^ K~) / cio{'^^'^~) — 0.9. 

Compare -Rexp — 0.9 with the naive prediction for 07r(x) = (t)K{x) : R = (fK/fn)^ — 2.3 . 

The experimental value |$l'^^)(s, ^)| = |1 - v{9)\\sFi^"''^\s)\ ~ 0.88|Fi'"''^^(s)| ~ 0.5 GeV^ 
can be compared with 0.88 ■ \s Fi''^°''^''^^\s)\ ^ 0.4 GeV^ obtained with (j)T^{x,JI ~ IGeV) = 
0^^(x) and taking here the effective value of the coupling ^ 0.4. It is seen that there is 
a reasonable agreement. At the same time, using 0^(x,7l) — 0'^**^(x) one obtains the much 
smaller value 0.88 ■ |s Fi'"''^''''^^(s)| ~ 0.13 GeV^ 
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Therefore, for the pion wave function (j)T,-{x, fi) close to (f)^^[x) the leading term (i.e. without 
power corrections) calculation predicts the cross section which is ~ 15 times smaller than the 
data. It seems that at s = = 10 — 16 GeV^ the power corrections can not cure so large 
difference. 

Moreover, if power corrections were dominant numerically at these energies then the cross 
sections cro(7r^7r~) and ao{K~^K~) will decay more like ~ 1/Vri°, rather than ~ 

The SU(3)-symmetry breaking, da{K~^K~) ^ da{n~^7T~), originates not only from different 
meson couplings, fx 7^ fn, but also from symmetry breaking effects in meson wave functions, 
(pxix) ^ 4>tt{x), see Fig.4. (Let us recall: the heavier is quark the narrower is wave function). 
These two effects tend to cancel each other when using for the K-meson the wave function 
0^^^(x5, Xu) obtained in j2] from the QCD sum rules. So, instead of the naive original prediction 
— {fK/f-wY — 2-3 with 0x(a;) = 07r(a;) in [5], the prediction in [6] for this ratio is close to unity, 
and this agrees with the data from Belle [8] : 

( {fKlhf ^ 2.3 Brodsky, Lepage [5] 



c^o (77 K^K~ 



1.06 



Benayoun, Chernyak |6] 



(0.89 ±0.04 ±0.15) 



Belle [g 



The leading terms in the cross sections for neutral particles are much smaller than for 
charged ones, see (1). For instance, it was obtained in f6] that the ratio (icr^^^"'^^(7r°7r°)/(icr^^^"'^)(7r+7r" 
varies from ^ 0.07 at cos 6* = to ~ 0.04 at cos^ = 0.6, while the ratio 

T I, ^1-3 -(4/25) ^0.2. 

Besides, 

_(lead) I 7- 



-""'C^'^*- . 0.005. 



It is seen that the leading contribution to OoiKsKs) is very small. This implies that it is 
not yet dominant at present energies < 16GeV2. I.e., the amplitude M(77 KgKs) = 
a{s,6) ± b{s,6) is dominated at these energies by the non-leading term b{s,6) ~ f?(6')(so/s)^, 
while the formally leading term a(s, 6) ~ CofBc{(^){so/s) has so small coefficient \Co\ ^ 1, that 
\h{s,e)\ > \a{s,e)\ at, say, s = < 12GeVl 

Therefore, it has no much meaning to compare the leading term prediction of [6], i.e. 

da{KsKs) 



dcosO 



IfBcmVW" ats^oo 



for the energy and angular dependence of da{KsKs) with the data from Belle [10] at < 
15GeV'^. Really, the only QCD prediction for, say, 6 GeV^ < < 12 GeV^ is the expected 
energy dependence 

da{KsKs) |Ks,^)|' \q{ 



dcose s W^^ ' 

while the angular dependence |^?(^)P and the absolute normalization are unknown. This energy 
dependence agrees with the results from Belle [TU], see fig. 6 . 
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n=10.5±0.6±0.5 
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W(GeV) 
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(b) 
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JBL prediction 
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Fig. 6 (a) The total cross section ao(77 — > KgKs) in the cm. angular region 

|cos^|<0.6 [lOj. Here n= (10.5 ±0.6 ±0.5) is the VT-dependence cJo(Vr) 
Fig. 6 (b) The ratio aoiKsKs) versus W [lO] 

The dotted line DKV (Diehl-KroU-Vogt) is the valence handbag model prediction in the 
SU{3) symmetry limit |15| : the dashed BL and dash-dotted BC lines are the Brodsky-Lepage 



( with (j)K{x) = (j)'^^{x) ) and Benayoun-Chernyak ( with 
term QCD predictions (for sufficiently large energy W). 



lCZZi 



XI 



from [9] ) leading 



The cross sections of other neutral particle productions were also measured by Belle Col- 
laboration [mini [13], see Figs.7,8. 
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Fig. 7a Cross sections cTq (77 — ?■ 



TT TT 



and (To (77 — )■ 



TX ' TT 



for I cos 6*1 < 0.6 ; 



Fig. 7b Their ratio. The lines are ffis to the 

results in the energy region indicated. 

The QCD predictions for this range of energies: 

while the expected behavior of o"(7r''7r°) if the higher twist 
terms are still dominant at 3 < < 4 GeV (and up to 
the odderon contribution, see below) is a{7r°n") ~ 



The handbag model prediction [15 

R = (7(7r"7r°)/cr(7r+7r-) = 0.5 



1.2 2.7 3.2 3.7 4.; 

W (GeV) 
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(b) 



4 2.8 3.2 3.6 4 

2.4 2.8 3.2 3.6 4 W{GeV) 

W (GeV) 

Fig.Sa W - dependence of cross sections cr(77 — t- it°it°) and (7(77 -^■ 777?°) , | cos^| < 0.8. 

The power low fit : (T(r/7r°) ~ n = (10.5 ± 1.2 ± 0.5) [12] 

Fig. 8b The ratio of cross sections o"(?77r°)/cr(7r°7r°) |lll [T2] 

The energy dependencies of various cross sections measured and fitted by Bell Collaboration 
are collected in the table. 



The value of "n" in atot ~ l/W"" in various reactions 
fitted in the W and | cos^| ranges indicated 



Process 


n - experiment 


W range (GeV) 


cos^^ 


n - QCD 


n - handbag 


Ref 




7.9 ± 0.4 ± 1.5 


3.0-4.1 


<0.6 


~ 6 


~ 10 


[8] 


K+K~ 


7.3 ± 0.3 ± 1.5 


3.0-4.1 


<0.6 


~ 6 


~ 10 


[8. 




KlKl 


10.5 ±0.6 ±0.5 


2.4 - 4.0 


<0.6 


^ 10 


~ 10 






10.5 ± 1.2 ±0.5 


3.1 - 4.1 


<0.8 


^ 10 


~ 10 


m 




~ 10 


2.5 - 3.0 


<0.8 


~ 10 


~ 10 


m 




8.0 ±0.5 ±0.4 


3.1 - 4.1 


<0.8 


~ 10? 


~ 10 


m 




~ 10 


2.5 - 3.0 


<0.6 


^ 10 


~ 10 






6.9 ±0.6 ±0.7 


3.1 - 4.1 


<0.6 


-10? 


~ 10 


m 


rjif] 


7.8 ±0.6 ±0.4 


2.4 - 3.3 


<0.8 


~ 10 


~ 10 


m 



The measured energy dependence of the vr vr cross section is similar to KgKs and 777?° 
cross sections at 6 < W'^ < 9 GeV^, but behaves "abnormally" in the energy interval 9 < W'^ < 



Fig.9 Pi, P2 = 7r°, r], r]', 77^ 

The additional hard contributions 
for neutral pseudoscalar mesons 
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In attempt to understand this "abnormal" behavior of the vr^vr" cross section we can recall 
that, unlike the a{K°K°) cross section, there are additional contributions to the o"(7r°7r°) and 
a{ri7T°) cross sections shown in Fig.9 (the odderon contribution becomes the leading one at 
sufficiently large energies and small fixed angles). 

The contribution of the diagram with the photon exchange to the amplitudes My(77 — )■ 
7r°7r°) is readily calculated and the helicity amplitudes look as 



(Aira 

M^^ = {A.af{el - elf 
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(1-^2)2 



COS 9 . 



As a result, using the pion wave function 



lCZi 



X] 



30x(l — x){2x — 1)2 the ratio is (really, this 



ratio is only weakly dependent on the pion wave function form) 

1 



cT^(7r''7r°, 


cos^ 


< 0.8) 


(T(7r+7r^, 


COS 6 


< 0.8) 



a \2 ^ 
— -0.5-10-^ 

01 J 



so that this contribution is very small and does not help. 

The odderon contribution in Fig.9 has been calculated in |14) and looks at s 3> |t| ^ /U^ as 



-2.5M4 



T^7r(6,6) = In 



6 + 6 



6 



In 



^77(6 



(1 - a 
6+6 



-2.5M__ 



di2 
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Anai Ana^ 



1087r 



2 ^'^'^ 



TrrniC,!, 6) 



(4) 



6 



The numerical value of Itttt in (4) is /^jr — 
MO = : 

"(77 TT TT ) 



(6 -6), 6 = xi 

26.8 [H for MO = 



X2, 6 = 1/1- y2 

0^^(^). Therefore, with 



0.7 nbGeV^ faf ^ 3 



dt 



-2 

s 

OA 



and using here ^ 0.3 : 

^(3gl)/ 0^0 , ^g^l ^ Q^gN 



23 ■ 10-2 nb [ experiment : 30 ■ IO-2 nb ] at W = 3 GeV 
9 ■ 10-2 nb [experiment : 8 ■ IO-2 nb ] at W = 3.5 GeV 
4 ■ 10-2 n6 [ experiment : 3 ■ IO-2 nb ] at W = 4 GeV 



Hence, according to these estimates with 07r(^) = 0^^(^), the odderon contribution is suffi- 
ciently large and may well be responsible for a change of the behavior of cr(7r°7r°) at W > 3 GeV. 
At the same time, the numerical value of J^^ in (4) is Itttt — 7.4 for 07r(O — (p^^^iO ^nd so the 
value of a^^^^\7r°7r°) with 0^(0 = ^'^''^(0 will be ^ 13 times smaller. 

In the SU{3) symmetry limit a^^^^^rjsTr") /a^^^^\7r°TT'') = 2/3. To estimate the effects of 
SU{3) symmetry breaking we use the same model wave function of rj as those used in |20) . i.e. 
1 77) = cos In) — sin0|s), \n) = \{uu + dd)/\/2), \s) = \ss), and with taking into account the 
SU{3) symmetry breaking effects distinguishing \n) and |s) wave functions. Then, instead of 
(f)'^'^{C,i) in (4) one has to substitute 



cos I 



^v^si 



smi 



Aasy 



(6 
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Then, with ~ 38° and fjf^ ~ 1.3, instead of J^^ = 26.8 with 0^(0 = the 
corresponding integral will be It^^) — 11 and cr^'^s^^(7r°?7)/o"^'^s'^(7r°7r°) ^1/3. It seems, this 
additional suppression may be a reason why the odderon contribution is still not seen clearly in 
ij{'K°ri) at 3 < < 4GeV and | cos6'| < 0.8. The prediction is that it will be seen at somewhat 
higher energies. 

The handbag model 

The hand-bag model |15) is a definite application of the general idea which assumes that 
present day energies are insufficient for the leading terms QCD to be the main ones. Instead, it 
is supposed that the soft nonperturbative contributions dominate the amplitudes. The handbag 
model realizes applications of this idea to a description of the large angle cross sections (icr(77 — )■ 
MM). 

As it is formulated in [15], the handbag model assumes that the above described hard QCD 
contributions really dominate at very high energies only, while the main contributions at present 
energies originate from the Fig. 10a diagram. 




Fig. 10a The overall picture of the handbag model contribution [15] 

Fig. 10b The standard lowest order Feynman diagram for the light cone QCD sum rule 

to calculate the soft valence handbag amplitude Mhandbag(77 tt^tt^) [T6 | [T7 ] (A^ = u'^fj^'y^d) 

Here, the two photons interact with the same quark only, and these two active q and q quarks 
carry nearly the whole meson momenta, while the additional passive q' and q' quarks are wee 
partons which are picked out from the vacuum by soft non-perturbative interactions [I5]. There- 
fore, these soft form factors Rmm{s) should be power suppressed in QCD at sufficiently large 
s : Rmm{s) < 1/s^, in comparison with the leading meson form factors, Fm{s) ~ 1/s. But, 
nevertheless, it is assumed that they are numerically dominant at present energies for both 
charged and neutral mesons. 

The energy dependence and the absolute normalization of the handbag amplitude Mhandbag(77 
— )■ M2M1) is not predicted in [15] but fitted to the data. 

As for the angular dependence, it was also not really predicted in [15] in a model indepen- 
dent way. The reason is that a number of special approximate relations were used in [12] at 
intermediate steps to calculate the angular dependence of the handbag amplitude. All these 
relations were valid, at best, for the leading term only. But it turned out finally that their 
would be leading term gives zero contribution to the amplitude, and the whole answer is due 
to next power corrections, ~ Aqq^/s, which were not under control in [15]. The "result" 
^handbag(77 M2M1) ~ 1/ siu^ 6' for the handbag amplitude in [T^] is completely due to the 
one especially (and arbitrary) chosen definite power suppressed term in the amplitude while 
ignoring all other power corrections of the same order of smallness. 

The authors were fully aware of this arbitrariness [15]: "We must then at this stage con- 
sider our result Mhandbag ~ 1/ sin^ 9 as a model or a partial calculation of the soft handbag 
contribution ". 
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Hence, finally, the approach in [T3] predicts neither energy and angular dependencies nor 
the normalization of cross sections in a model independent way. 

Therefore, what only remains are the specific predictions of the handbag model for the 
ratios of cross sections in the SU (3) symmetry limit : there is only one common valence handbag 



amplitude Mj 



val 

handbag 



(the soft non-valence handbag amplitudes are small, see below) : 



M(7r+7r-) = M{n"n") = M{K^K-) = - M{KoK") = - M{KsKs) = M^^ag 

Due to these relations, the predictions of the handbag model for the ratios of cross sections 
in comparison with the data look as (the red numbers are specific predictions of the valence 
handbag model) : 



a{K+K-) 
cr(7r+7r~) 

a{K+K~) 

a(TT°TT°) 



1 (0.89 ±0.04 ±0.15), 



(T(7r°7r°) _ 1 
^^P' a(7r+7r-) ~ 2 

0.08 (0.13 ^ 0.01, seeFig.6) 



(0.32 ±0.03 ±0.05) 



exp 



(t(KsKs) _ 2 
a(vr°r/8) 3 



0.1 



cxp; 



0.36 (0.37 ± 0.04)exp, = 0-24 (0-48 ± 0.06)exp 



Recalling that the angular dependence of the handbag amplitude Mhandbag ~ 1/ sin^ 9 used 
in [15] was a model form, it looks not so surprising that the explicit calculation of the valence 



handbag amplitude M^'^l^^^^^lW, 6) in jT6] (see also [T7]) via the light cone QCD sum rules 
|18|.|19] gave a different angular dependence, M^^l^^^^^ ~ const. These soft valence handbag 
contributions to the cross sections calculated explicitly from the light cone QCD sum rules in 
[16], see Fig. 7b, are definite functions of the energy and scattering angle, and look as 



da 



handbag 



(77 M2Mi)/dcos9 ~ const /ly 
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(4) 



for all mesons, both charged and neutral. 

Unfortunately, this angular behavior (io"handbag (77 — ^ M2M1) / dco?,6 ~ const disagrees with 
all data which behave similar to ~ 1/ sin^6', and the energy behavior (Thandbag(77 ~^ M2M1) ~ 
l/VT^o disagrees with the data for charged mesons tt+vt" and K~^K~ , compatible with ~ 

This energy behavior ~ l/VT^^ in (4) is as expected (up to Sudakov effects) in QCD for soft 
valence power corrections to the leading terms due to the Feynman end-point mechanism (but 
one should remember that there is also a number of hard valence power corrections in QCD 
with the same energy dependence ~ but with possibly different angular dependencies). 
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Fig. 11 The diagrams to calculate the energy 
and angular dependencies of soft handbag 
amplitudes (the valence Feynman mechanism) 



The end-point region contributions of only two diagrams shown in Fig. 11 (the valence Feyn- 
man mechanism) are relevant for the standard valence handbag model as it is formulated 
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m 



xi, yi ^1, e = X2y2S ~ A^cD ^ X2 ~ 2/2 ~ 5 = (Aqcd/'^)'^' = Aqcd/W^ < 1. 

The direct calculation of these diagrams in Fig. 11 gives for the hard kernel 

T('-'^) = con.t| (^i^2)(x, + |/0 + 2xm ^ canst (5) 
5 xiX2yiy2 S X2y2 

(ei and 62 are the photon polarization vectors), and for the soft end-point region contributions 
to the whole valence handbag amplitude 



f2 

val, ±± J 71 



M, 

handbag ^ 



ax2 ~ const 

X2 



2 .2 f 2 A 2 



f2 

'J g2 = y^A ^ ^handbag • (6) 



Therefore, the angular and energy dependences of all cross sections resulting from these soft 
valence contributions (the Feynman mechanism) look as 

dcJhandbaJd cose ~ \M\'' /W^ ~ l/W^"^ . (7) 

The expressions (5)-(7) agree with the predictions of the light cone QCD sum rules [16] not 
only in the energy and angular dependencies but also in the photon helicities dependencies. 

If we are interested only in the energy dependence of such soft end-point region contributions, 
there is a simpler way to obtain it which does not require the direct calculation of Feynman 
diagrams. This can be done as follows. 

1) There is the hard part of any such diagram and it is the amplitude of the annihilation of 
two photons into a pair of active near mass-shell quarks with each one carrying nearly the whole 
meson momenta, Ahard(77 ~^ QQ)- From the dimensional reasons it is v4hard(77 ~^ QQ) ~ 1- 

2) All other parts of the Feynman diagrams are soft and, parametrically, depend on the 
scale Aqcd only. So, the energy dependence of the soft valence end-point region contributions 
(i.e. the valence Feynman mechanism) looks here as follows ( 02 (2^1 ? 2:2) ~ X1X2) 

RuSiW) ~ M2(77 ^ MM) ~ / dx2 M^) / dy2 Mv) ^hard(77 ^ gg) ~ 1 

Jo Jo 



dx2X2 / dy2y2 
Jo 



riwcc — 1 / , \ riwcc — 1 , , 



This method of obtaining the energy dependence of soft end-point contributions will be used 
below to calculate the energy dependence of soft non-valence handbag form factors originating 
from the 4-particle components of meson wave functions. 

The updated predictions of the handbag model for the 77 — )■ M2M1 cross sections were 
given in the next paper [23] . In comparison with the original paper [15] , the main new element 
in [23] is that (in the SU{3) symmetry limit used in [23] and [T5|) the sizeable soft non-valence 
form factor R^^^{s) is introduced now, in addition to the soft valence one R^^^{s) (the soft 
non-valence contributions were neglected in [15]). Both functions, R^,As) and R^^is), are 
parameterized then in arbitrary forms with a number of free parameters which are fitted in 
to the data. 



^ The form factors i?^7r(s) and i?|^(s) used in [53] are connected with those from [5D] as: R2-n{s) — R2tt{s) ' 

i?2";(s), i?i,(,s) = i?^-(,s). 
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As for the soft valence contributions to the cross sections and the soft valence form factors 
Rj^^^{s), these were estimated numerically in |16j via the standard light cone QCD sum rules 
and were found much smaller numerically (and with the expected suppressed power behaviour 
R^,ris) ~ than the values fitted to data in 1151 and 1231 . 

As for the soft non- valence contributions, the two types of such contributions are presented 
in Fig. 12 [20]. 




Fig. 12a The leading power hard non- valence one-loop correction. 

Fig. 12b The leading contribution to the soft non- valence handbag form factor R^^^i^s). 
The solid and dashed lines represent quarks and gluons. 



It is worth noting that both non- valence contributions in Fig. 12 are Sf/ (3) -flavor singlets in 
the S'f/(3)-symmetry limit. So, they contribute equally to the amplitudes vr+vr", 71*^71°, K^K~ , 
K^K^ and r/g^? and don't contribute to rj^TT^. 

The diagrams in Fig. 12a constitute a small subset of all one-loop corrections to the leading 
power contributions from the Born diagrams like those shown in Fig.l . If these leading power 
one- loop non- valence corrections to the Born contributions were really significant, this will 
contradict then the data on KsKs, see Fig.6 . 

In particular, this hard non-valence one-loop correction was calculated, among all others, 
in [21]. Its contribution into the cross section (7(77 — )■ K^K~) (integrated over | cos^| < 0.6, 
and with 0i^(x) = (j)^^[x) ) is 



~ -— -3% 



cr 37r 

i.e., its contribution into the amplitude is: SA"" / A[K^K~) ~ —1.5%. 

The leading term amplitude \A{KsKs)\ — Q.lh\A{K'^ K^)\, see Fig.6. Hence, the rough 
estimate of this non-valence one loop correction to the A{KsKs) amplitude is: 
\5T^ /A{KsKs)\ ~ 10%. 

As for the soft non- valence handbag form factor R-^^{s), it seems sufficient to say that the 
leading contribution to it originates first from the Fig. 12b two-loop correction ((without large 
logarithms) [20| . so that the estimate looks as: 



T-,(nv, 2) / N / — 

Rmm is) I tt. 



0.01 



TT 



Besides, there are also soft non-valence contributions from the 4-quark components of the 
meson wave functions. For instance, the typical contribution of the pion 4-quark components. 
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|7r+)4 ~ \{ss + uu + dd) du), is shown in Fig. 13. The energy dependence of such contributions 
can be obtained the same way as for the diagram in Fig. 11 




Fig. 13 

?(nv,4). 



The additional contribution 
to the soft non-valence 
handbag form factor. Here, one 
strange quark in vr"*" and vr" car- 
ries nearly the whole pion momen- 
tum, while three other quarks are wee 
partons (04(x) ~ X1X2X3X4, Xi — )■ 
1, < X2,3,4 < ^ ~ Aqcd/W) 



dx2dx2,dxi(t)i{x) / dy2dy3dy4(j)i{y) v4hard(77 ss) 



5 j-5 

dx X dyy 
Jo 

{ nv, 4) 





^wce— 3 



Kcd/W 
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R'2T' \W) nGeV \^ 



~ 1.5-10^^ ats = W' = 9GeV' 



(9) 



Clearly, so small soft non- valence contributions, R^mm'^ /^mai ~ 10 ^ and R^mm' / R-mm 
10~^ at W"^ ~ 9GeV^, can be safely neglected and will not help. 



,(nv, 4) 



In comparison. 



was used in [23| to fit the data. 



\R^:^{W'^ = 9GeV'^)\ 
\R^^{W^ = QGeV^)\ 



0.3 



The cross sections 77 V°V^ 



The contribution of diagrams like Fig.l to the amplitude 77 — p°p° is also suppressed 
numerically in comparison with 77 — > p~ ■ But there is the additional hard leading twist 
one-loop contributions to 77 — )■ pipl, see Fig. 14, and it looks at s ^ \t\ ^ fi^ as |23]j25] : 



M 



++ 



M__ ~ -2M+_ = -2M. 



.sfl 



~ I (47ra) ( Ana, 



2 4 



pp — / d^i 

^1 + 6 



p(6 

1 a - Ct) J -I (1 - 



di2 



Tpp(ei,6) 



6-6 



^1 = xi - X2 = 2a;i - 1, 6 = 2/1-2/2 = 2?/i - 1 



rfa, „ 0.9 n6 Gel/6 ^ „^ 300n6Ge1/6 
-^(iI^PlPl)- ' a(pp,|cos^| < 0.8) ~ — 
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(these numbers are for the p-meson wave function (11), see [1], for 0p 
is ^ 6 times smaller), 



a(pV, Icos^l <0.8) 



41 ■ 10-2 nb at W = 3 GeV 
16-10~^nb at W = 3.5 GeV 
7-10-2^6 at W = AGeV 



/,asy cross sectiou 



(10) 



g 





V- p, u), (J), J/i/j 



Y- p, uj, (f), Mip 



Fig. 14 

The additional hard one-loop 
contribution to the amplitude 
77 — >■ V°V2- Becomes domi- 
nant at high energies and small 
fixed angles for longitudinally po- 
larized vector mesons. 




Fig. 15 The model wave functions 
Black line: the p/,-meson wave function 
Blue line : the ^^-meson wave function 
Red line : the asymptotic wave function 



The contributions to other cross sections from the Fig. 14 diagram 



ao{p°p°) : cro(p°a;) : aoiuu) ~ 1 : 



1 1 
5 ■ 80 



The model leading twist Vl = V\=q wave functions [9] are taken in the form, see Fig. 15 
b,{i, p ~ 1 GeV) ^ 04^, po ~ 1 GeV) ^ ^^-(0 (l + 0.2 gT{C}) = ^"(0 (o.70 + 1.5 e 



0<^(e, Po - 1 GeV) ~ r^o (i + 0.1 '(o) = r^o (o.85 + 0.75 e 

3 



'11^ 



r'{i) = -Al-n. fp^f.^2mMeV. 



230 MeV . 



At W = AGeV , Icos^l < 0.8 : 

a{u<p) ~ 3 a{ujuj) ~ 1.5 (7(00), a{p°p°) - 70 ■ 10"^ nh 
aiujuj) ~ 1 ■ 10^^ nh aiuS) ~ 3 ■ 10"^ nh, aiM) ~ 2 aiujuj) ~ 2 ■ 10"^ nh . 



The cross sections (j((jJ0), cT{(f)(j)) and a{ujuj) have been measured recently by Belle Collabo- 
ration [26], see Figs. 16-18. 
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M((o (^) (GeV/c^) 



Fig. 16 The total cross section a{u(j)) in the cm. angular region | cos^| < 0.8 |26] 
W-dependence : (T^<^(Vr) ~ VT"", n = (7.2 ± O.Qstat), c^M, = 4Ge1/) ^ 2.5 ■ IQ-^ni 

Theory: | cos^| < 0.8) ~ 12 nbGeVyW^ , a{u(f), W = AGeV) ~ 3 ■ IQ-^nfo 



-Q 0.35 




M((t>(|)) (GeV/C^) 



Fig.l7 The total cross section (T{(j)(j)) in the cm. angular region | cos^| < 0.8 |26] 
W-dependence: a^^{W) ~ W^"", n = (9.1 ± 0.6,^*), a(#, = AGeV) - 3.5 ■ lO-^nfe 

Theory: o-(0(/), | cos ^1 < 0.8) ~ 8 n6 GeVyW^ ^(00, = 4 Ge\/) ~ 2 ■ 10"^ rife 
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M(coco) (GeV/c^) 

Fig. 18 The total cross section a{u)U)) in the cm. angular region | cos^| < 1.0 
W-dependence: a^^{W) ~ VT"", n = (8.4 ± 1.1,^*), W = AGeV) ~ 15 ■ 10"^ nb 

Theory: a{uu, | cos ^| < 0.8) c^Anb GeV^ /W^ , a{uu, W = 4 GeV) ~ 1 ■ lO'^ nh 

It is seen that there is an agreement between the predicted and measured cross sections 
a{uj(p, I cos^l < 0.8) and a{<p<p, \ cos^| < 0.8) at W = AGeV. 
The much larger measured cross section |26] 

a{uju, I cos 6*1 < 1) > (r{(j)(f), \cos9\ < 0.8) ~ a{u(f), \cos6\ < 0.8) 

looks natural at the first sight as one expects it is dominated by the forward region. But then 
it is strange that it decays so quickly, a{uJUJ, \ cos6\ < 1) ~ 1/W^^. 
But the authors said [27] : 

"We do not observe many events in 0.9 < | cos^| < 1.0 angle range for uu. Our measured 
cross section in the paper is for the whole angle range in Fig. 2c in the paper If we require 

I cos^l < 0.8 for uu, the observed cross section dependence on the energy in the high energy 
region is similar. This is only our experimental observation. Due to very limited statistic, we 
can not measure cross section for the range of 0.9 < | cos 6*1 < 1 in high energy region". 

Also, it is said in the article [26] that there is no detected events at | cos^| > 0.8 for uj(j) and 

But if, due to experimental restrictions, a{uu, \ cos9\ < 1) should be understood as 
a{uu, I cos 6*1 < 0.8), why then is it so large : 

a{uj(j), I cos 6*1 < 0.8) + a{(f)(j), \ cos 9\ < 0.8) \ 



while the theory predicts 

a{ujuj) < o-{4>(f)) < a{uj(f)) . 



2 Fig. 18 here 



a{ujuj, I cos^l < 0.8) ~ 6| 
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Short conclusions 



1) The leading term QCD predictions da /d cos 9 ~ / (W^ sin^ 9) for charged mesons tt+tt" 
and K^K~ agree reasonably well with data both in the energy and angular dependences at 
energies W > 2.5 — 3 GeV [8]. The absolute values of cross sections agree reasonably well with 
data [8] only for the wide pion (kaon) wave functions like (f)'^\{x) |7], while the asymptotic 
wave functions 4>n,K{x) ^ (j)^^{x) lead to cross sections one order smaller than data. 

2) In comparison with charged mesons, the QCD leading terms for neutral mesons are 
much smaller so that non-leading terms may be dominant at present energies W < A GeV and 
in this case the energy dependence will be steeper, a{M''M°) ~ l/W^'^. This agrees with the 
data on a{KsKs) ^ and a(r/7r°) [12], while a{TT°TT°) is consistent with ~ 1/W^° at Q < < 
9 - lOGeV^, but behaves "abnormally" , ~ {l/Wy-^, at 10 < < iQGeV^ [11]. 

This can have natural explanation as, unlike a{KsKs), there is the additional odderon 
contribution to cr(7r°7r°), see Fig.9. With the pion wave function (p^ix) = </'^^(x,yUo) it looks as 

a(=^si)(7r°vr°, | cos^| < 0.8) ~ ( ^ ^^^V ■ 0.3 rife 

V 0.1 / 

and may well be responsible for such an "abnormal" behavior of a{'n'°n°) at > 9 — 10 GeV^. 
At the same time, with (pT^ix) = (p^^'^lx), the odderon contribution to the cross section 7r°7r° will 
be ~ 13 times smaller. 

The role of the odderon contribution to rjiT" is somewhat smaller in comparison with 7t°7t° 
and this may be a reason why it is still not seen clearly in a{riT[°) at | cos6'| < 0.8 and 10 < 
< IGGeV^. The prediction is that it will be seen here at somewhat higher energies. 

3) In the Diehl-KroU-Vogt approach [15], the handbag model gives definite model inde- 
pendent predictions neither for the energy nor the angular dependences of the cross sections 
(io"(77 — MM). The data are simply fitted with the model forms of amplitudes and a number 
of free parameters. 

4) The estimates of leading terms of the valence handbag amplitudes via the standard light 
cone QCD sum rules [1^ or from the valence Feynman mechanism in QCD show that for all 
mesons, both charged and neutral, the soft handbag cross sections behave as 

c^q-handbag(77 MaMj) ^ const 
dcos9 ^ W^^ ■ 

This angular behavior disagrees with all data and the energy behavior disagrees with the 
data for (7r"'"7r~) and {K~^K~). 

5) In the SU{3) limit, the relatively large non-valence soft handbag form factor, R^^^s) ^ 
O.SR^^^s) at s = 9GeV^, parametrized in a model form with a number of additional free 
parameters was used in the next paper of Diehl-Kroll [23] to improve fits to the data. Un- 
fortunately, so large soft non- valence form factor contradicts the QCD estimates R^^^{s) ~ 
[aJnfRl-^^ys) ~ 0.01/2^^/s), see (8), (9). 

6) The very recent Belle data appeared on the cross sections of neutral vector mesons 
cr(77 — ujcj), (j)(f), uu) [26]. The values of the cross sections (7(77 — )■ UJ(f)) and (7(77 — )■ (jxp) 
at W = 4:GeV and | cos 6*1 < 0.8 are in a reasonable agreement with the theory predictions. 
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but the fitted energy behavior at 2.7 GeV < W < 4GeV looks somewhat too steep (within 
large error bars at 3.5 < W < A GeV), in comparison with the leading term QCD predictions 
o-(77 ^ V2°V{', I cos^l < 0.8) ~ a^/W^ 

But the value of the cross section (7(77 — uu) at W = 4GeV and | cos 6*1 < 0.8 looks too 
large in comparison with the theory predictions. 

I am grateful to organizers of this workshop Profs. Augustin E. Chen (NCU), Hsiang-nan 
Li (AS) and Sadaharu Uehara (KEK), and to Prof. Hai-Yang Cheng (AS) for a kind hospitality. 
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ation and RFBR grant 12-02-00 106-a. 
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